air-dried at room temperature, and ground into powder by a hammer mill with 80 sizes. To prepare the extract, 200 g of each powder was soaked in 70% ethanol solution (1:10 ratio) in a closed container and was shaken for 24 hours at dark room. The extracts were filtered through Whatman No. 41 filter paper and concentrated under vacuum at 40°C using a rotary machine, and the obtained powder was stored at −80°C and later used. 12, 13 The ethanolic extracts of pomegranate seed and peel were analyzed using Agilent 7890B gas chromatography coupled to a 5977A series mass spectrometer equipped with a split/splitless injection system and an electron bombardment ionization model, and had MS library for NIST and WILEY. Samples were injected into the GC-MS on a 30-m silica capillary column with internal diameter and film thickness of 0.25 mm and 0.25 μm, respectively. The GC temperature was set to increase from 60°C to 290°C at a rate of 15°C/min and finally held isothermal for 1 minute (split ratio 1:100).
Isolation and Identification of Bacteria
The assayed microorganisms used in this study were as follows: (1) Local clinical isolates: P. aeruginosa (n = 10) and S. aureus (n = 10) obtained from microbiological laboratories of health centers of Tabriz. (2) Reference strains: P. aeruginosa PTCC 1430 and S. aureus PTCC 1112. The strains were identified by the use of biochemical profiles according to the recommendations of the Manual of Clinical Microbiology. 14 
Assay for Antibacterial Activity
The antibacterial activities of extracts were evaluated using agar disk-diffusion 9 and microbroth dilution. 15, 16 The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) were determined. Bacterial suspensions equivalent to a 0.5 McFarland turbidity were prepared in sterile normal saline solution from clinical and reference isolates. A sterile swab dipped into the inoculum tube containing bacterial suspensions and then was cultured on the Müller-Hinton agar (Merck ® , Germany). Sterile filter paper disc (6 mm in diameter) were impregnated with pomegranate seeds and peels extracts (30 µL) for 10-15 minutes and allowed to dry completely for 20-25 minutes, then evenly placed on the surface of previously inoculated cultures. Tetracycline and chloramphenicol antibiotic discs (Merck ® , Germany) were positive controls and sterile diluent (0.1% peptone water) was negative control for comparison of inhibition zone with sample. Plates were incubated at 37°C for 24 hours, until visible growth of bacteria was evident in control plates. Clearly visible inhibition zones around discs were measured in 3 directions and averaged. The antibacterial activity was expressed according to the diameter of inhibition zone produced by extract against test bacteria.
Determination of MIC/MBC The broth microdilution method was performed to determine the MICs and MBCs values. Each well of microplate was filled with a total volume of 100 µL containing Müller-Hinton broth (MHB). Different concentrations of each extract were prepared by serial dilution in MHB. One hundred microliters of inoculums contains approximately 5×10 5 CFU/mL of test bacteria was added to each well. Negative controls contained non-inoculated medium with extract samples, and positive control wells were prepared with inoculated culture medium with no extracts. Resazurin powder (Sigma-Aldrich) was diluted in distilled water to a final concentration of 1 mg/mL and 10 µL was added to all wells. Microplates were incubated at 37°C for 24 hours. The MIC was determined by observing the lowest concentration of extract which would inhibit visible growth of bacteria. 15 For determination of MBC, 20 µL of the suspension of Well before MIC of the extract were cultured on BHI agar using the spread plate technique. The MBC were evaluated by counting the number of bacterial colonies after 24 hours of incubation at 37°C. 16 Statistical Analysis Each test was repeated in triplicate and all parameters were measured in duplicate. The mean and standard deviation (SD) of the growth inhibition zone diameter in agar diskdiffusion method as well as the MIC and MBC of the extracts, tetracycline and chloramphenicol were determined. Data were analyzed using Statistical Package for Social Sciences for Windows, version 19.0 (SPSS Inc.). Statistical significance was identified at the 95% confidence level (P < 0.05).
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Results
According to high-performance liquid chromatography (HPLC) analysis, we found similar phytochemical constituents in both ethanolic extracts of pomegranate peel and seed. Details are shown in Table 1 and Figures 1-2) .
The ethanolic extracts of pomegranate seed and peel showed inhibitory effects on the growth and proliferation of clinical isolates of P. aeruginosa and S. aureus (Table 2) , which were potent than tetracycline and chloramphenicol (P < 0.01). The largest diameter of growth inhibition zone (most sensitivity) belonged to peel extract of pomegranate on the both P. aeruginosa and S. aureus.
The MICs and MBCs values of P. aeruginosa and S. aureus were determined as evaluation of the antimicrobial activity of the pomegranate cultivars and presented in Table 3 . The MICs of pomegranate peel and seed extracts were 12.5 and 25.0 mg/mL, respectively. In addition, the MBCs of pomegranate peel and seed extracts were found to be 25.0 and 50 mg/mL, respectively. In all of the studied bacteria MICs for pomegranate seed extract were significantly higher than those for pomegranate peel extract (P < 0.05). Similarly, the MBC values for pomegranate seed extract were higher than pomegranate peel extract, but only for P. aeruginosa were statistically significant.
Discussion
In this study, both pomegranate seed and peel extracts showed antibacterial activities against S. aureus and P. aeruginosa. The mean inhibition zones and MICs values indicate that the antibacterial activity of pomegranate peel extract was higher than pomegranate seed extract. The antimicrobial activity of various extracts or pure compounds from the different parts of pomegranate plant had been studied previously and different results were reported by different researchers.
In a study carried out by Malviya et al, methanolic and ethanolic extracts of pomegranate showed inhibition zone of 24.5 ± 0.53 mm and 20.0 ± 0.31 mm, respectively against S. aureus. 17 Naziri et al reported that peel extracts of sour and sweet pomegranate cause zone inhibition of 15.3 to 25.7 mm and 16.0 to 25.3 mm, respectively, against S. aureus at 1 to 8 mg/disc. 18 Melendez and Capriles demonstrated that pomegranate extract produced inhibition zone sizes of 22 mm for S. aureus. 19 Mathabe et al showed that methanol, ethanol, acetone, and water extracts of pomegranate had activities against S. aureus, showing inhibition zones of 27.0 to 29.3 mm. 20 The MIC and MBC values showed the antibacterial activity of pomegranate extract against both P. aeruginosa and S. aureus, while the highest effect belonged to peel extract. This finding was consistent with previous report. Dahham et al assessed the antimicrobial effect of alcoholic extract of seed, fruit, peel, and juice of pomegranate on specific bacteria including S. aureus and reported that the pomegranate peel extract have the greatest antimicrobial activity. 21 Naziri et al reported that methanolic pomegranate peel extract has a stronger effect on gram-positive bacteria than gram-negative bacteria. So that S. aureus has highest sensitivity to the methanolic extracts of sour and sweet pomegranate peels. 18 Kanatt et al suggested that addition of pomegranate peel extract to popular chicken meat products enhanced its shelf life due to its good antimicrobial activity against S. aureus. 22 This variable sensitivity of bacteria to extracts of various parts of the plant is due to variable composition of extracts. 16 Negi et al extracted pomegranate peels with different polar solvents at room temperature and found their antibacterial activity against P. aeruginosa and S. aureus. 23 Duman et al reported that the MICs values for active pomegranate extracts against tested bacteria such as S. aureus and P. aeruginosa ranged between 40 and >90 µg/ mL. 24 Braga et al showed that pomegranate extracts inhibit or delay S. aureus growth at 0.01 to 1% v/v concentrations. 25 AlZoreky found that methanolic extract of pomegranate peels was a potent inhibitor for some bacteria including S. aureus. 26 In a study of antimicrobial activity of few medicinal plants against certain drug-resistant bacteria of clinical origin, broad-spectrum antimicrobial activity was observed in ethanolic extracts of pomegranate. 27 It has been reported that water, ethanolic and butanolic extracts of pomegranate have antimicrobial activities against Escherichia coli, P. aeruginosa and methicillin-resistant S. aureus. 8 In another study, pomegranate peel fractions showed higher antimicrobial activities (inhibition zone) than the against S. aureus and P. aeruginosa but not E. coli. 28 Melendez and Capriles have also reported that extracts from Pomegranate fruits possess strong in vitro antibacterial activity against many bacterial strains tested including E. coli, S. aureus, Enterobacter spp., Bacillus spp., and Micrococcus spp. 19 Voravuthikunchai et al reported that chloroform, ethanol and water extract of pomegranate showed high activity against strains of E. coli O157:H7. One important factor affecting the MIC is the difference in the composition of extracts. 29 The composition of extract is influenced by the geographical location of the plant, season of harvesting, age of plant, growth stage, method of drying, and extraction technique. 16 As per various literature reports, P. grantum contains chemical constituents like, ellagitannins, phenols, tannins, punicic acid, flavonoids, anthocyanins, estrogenic flavonoids and flavones. 30, 31 Some of these compounds have been found to own antibacterial activity. The tannin-rich ellagitannins and phenolic acids of pomegranate may have antibacterial activity. 8, 29, 32 It has been suggested that phenolic compounds, especially gallic acid, were the most important and active compounds against bacteria. 24 Pomegranate contains large amounts of tannins (25%) and antibacterial activity may be indicative of the presence of secondary metabolites. 17 Carvacrol methyl ether is another constituent of pomegranate with confirmed antimicrobial effects. Thymol is an isomer of carvacrol, showing its antimicrobial activity. 33 The inhibitory effect of these compounds could be related to adsorption to cell membranes, interaction with enzymes, substrate and metal ion deprivation. 34 It has been suggested that pomegranate extract enhanced the activity of some antibiotics including chloramphenicol, gentamicin, ampicillin, tetracycline, and oxacillin against 30 clinical isolates of S. aureus. 25 The synergistic effect from the association of antibiotic with pomegranate extracts against resistant bacteria may lead to new choices for the treatment of infectious diseases.
Conclusions
According to the findings of this study, the pomegranate peel and seed extracts showed antibacterial activities against bacterial isolates. However, pomegranate peel extract had a stronger antibacterial effect than pomegranate seed extract. Therefore, further studies including cell toxicity assay and in vivo investigations are recommended. Means (±SD) within a row with different superscript letters (A, B, C, D) denote significant differences (P < 0.05). Means (±SD) within a column with different superscript letters (a, b, c, d) denote significant differences (P < 0.05). 
